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Abs tract
The relationship between individual energy budgets and genetic 
variability was examined in Thais haeroastoma acclimated to 7.5, 20 
and 35°/ooS at 21°C. Energy budgets, after the equations of Crisp 
(1971), were determined by measuring rates of caloric ingestion, 
absorption efficiencies, oxygen consumption and ammonia and primary 
amine excretion. Genotypes at six polymorphic loci coding for 
soluble enzymes, of 25 total loci assayed, were determined using 
starch gel electrophoresis. The polymorphic loci examined were 
those coding for o-L-amino peptidase (LAP), phosphoglucomutase 
(PGM), glucose-6-phosphate dehydrogenase (G6PDH), a non-specific 
esterase (Est) and two dipeptidases (L-leucyl-L-proline and 
L-phenylalanyl-L-proline dipeptidases). The genetic variability 
observed in T. haemastoma was similar to that reported for other 
marine invertebrates.
There was a significant positive relationship between total 
heterozygosity and whole animal Scope for Growth at all three 
salinities. This relationship was due in part to the greater size 
of the more heterozygous individuals since Scope for Growth 
increases with size. Analysis of covariance also revealed a 
significant positive effect of total heterozygosity on weight 
corrected Scope for Growth. These results provide physiological
evidence of superiority of heterozygotes over homozygotes, for 
growth, survival and potential reproductive output.
The increased Scope for Growth measured in heterozygotes was 
caused by significantly greater feeding rates. Heterozygous 
individuals at 20 and 35°/ooS had lower metabolic "maintanence" 
costs, expressed as calories lost per unit weight than more highly 
homozygous ones. However, greater metabolic efficiency did not 
account for much of the differences in Scope for Growth between 
heterozygotes and horaozygotes. Heterozygotic overdominance, or 
heterozygote superiority over homozygotes across all loci is the 
most likely explanation of the observed differences in Scope for 
Growth. The heterozygote contribution at each locus is small, but 
cumulative, resulting in a statistically significant relationship. 
Mean Scope for Growth was significantly greater for LAP 
heterozygotes at the stressful salinities, 7.5 and 35°/ooS, but not 
at the optimum salinity, 20°/ooS. This indicates the possibility of 
direct selective pressure from salinity extremes on genetic 
variability at the LAP locus.
Introduction
Genetic variation at loci coding for soluble enzymes is a 
phenomenon widespread in plant and animal species. Allele 
frequencies and their heterozygosities are often spatially or 
temporally correlated with variation of environmental factors, 
inferential evidence that enzyme polymorphism is adaptive (Koehn, 
1979). Allele frequencies in Mytilus edulis vary along geographic 
clines of temperature and salinity (Boyer, 197A; Thiesen, 1978 and 
Koehn, Newell and Immerman, 1980). Allozymic variation has also 
been correlated with environmental heterogeneity, stressful 
environmental conditions and niche-width (Fuller and Lester, 1980; 
Lavie and Nevo, 1981 and Burla and Taylor, 1982).
Genotype-dependent selection has been invoked to explain these 
patterns of allele frequency. Estuaries are characterized by 
variable, potentially stressful environmental conditions. Levinton 
(1980) has presented a discussion on the role of natural selection 
in the genetic divergence of estuarine populations from open marine 
conspecific populations.
Recent studies on marine invertebrates, particularly the 
bivalves Mytilus edulis and Crassostrea virginica, have demonstrated 
a positive relationship between survival and growth rates with 
individual heterozygosity (Koehn, Newell and Immerman, 1980 and 
Singh, 1982). As yet data on the biochemical and physiological
I
2basis of this phenomenon are limited, and more species need to be 
examined to test the generality of this phenomenon (Koehn and 
Shuraway, 1982). Thais haeraastoraa is an estuarine predatory muricid 
gastropod commonly found on oyster reefs and man-made structures in 
the northern Gulf of Mexico and Southeast Atlantic Coast of the 
United States. The osmoregulatory, respiratory and predatory 
aspects of T. haeraastoma as a function of temperature and stable and 
fluctuating salinities have been investigated (Stickle and Howey, 
1975; Belisle and Stickle, 1978; Findley et al., 1978; Garton and 
Stickle, 1980 and Hildreth and Stickle, 1980). This species is 
functionally euryhaline but, in the laboratory, tolerates ambient 
salinity as low as 5°/ooS, well below its distributional limits.
Indices of stress that reflect the physiological fitness of 
individuals with respect to environmental factors have been 
developed and applied to estuarine molluscs (Bayne and Scullard,
1978 and Widdows, 1978). Scope for Growth, the number of calories 
remaining after the metabolic demands of the organism have been met, 
is particularly useful and can be positive or negative. Scope for 
Growth varies seasonally in Thais lapillus and Mytilus edulis (Bayne 
and Scullard, 1978 and Bayne and Worrall, 1980) and as a function of 
temperature and salinity in Thais haemastoma (W. Stickle, 
unpublished data). The usefulness of Scope for Growth has been 
documented by Bayne and Worrall (1980) for M. edulis and Shirley and 
Stickle (1982a,b) for Leptasterias hexactis. Growth curves
determined empirically for field populations of mussels agreed well 
with independent estimates of growth from energy budgets determined 
from physiological measurements. Scope for Growth, body mass and 
fecundity are positively correlated in laboratory populations of M. 
edulis (Bayne et^  al^ , 1978). Therefore, energy budgets determined 
from physiological measurements are indicative not only of 
individual physiological fitness but also the relative "Darwinian" 
fitness.
The purpose of this investigation was to determine the 
relationship between physiologically derived energy budgets, Scope 
for Growth, and degree of individual heterozygosity in Thais 
haemastoma as determined by starch gel electrophoresis. This study 
provides a physiological explanation of the observed relationship 
between growth and heterozygosity as a function of ambient salinity. 
It also expands the list of species studied from estuarine bivalves 
to include an estuarine gastropod.
Methods and Materials
Oyster drills and oysters
Thais haemastoma were collected in October, 1981, March and 
May, 1982, from the vicinity of Caminada Pass near Grand Isle, 
Louisiana, U.S.A. Drills were returned to the laboratory and placed 
In 38 1 aquaria at room temperature (20-24°C) and field salinity 
(Instant Ocean Seawater mix). Salinity was adjusted 2°/ooS per day 
until the desired salinity was attained. The drills were then 
allowed to acclimate at constant salinity for at least one week 
prior to the beginning of the energy budget determination. The 
drills were under constant illumination during the period of 
acclimation and experimentation and fed juvenile oysters ad libitum. 
The aquaria were located in a large water table and water 
temperature averaged 21.0 °C (range 20-22°C) during the experimental 
periods.
Juvenile oysters, Crassostrea virginica, 4-5 cm shell length, 
were used as prey. Oysters were collected by dredging in Vermillion 
Bay, Louisiana, U.S.A. Oysters were returned to the laboratory and 
placed in a large recirculating aquarium at field salinity. Batches 
of oysters were transferred directly from the recirculating system 
and placed in a 38 1 aquarium at the experimental salinity.
4
5Following adjustment to the experimental salinity these oysters were 
used in the determination of drill feeding rates. Oysters were
collected from the field prior to each experiment and were not fed
in the laboratory.
Determination of individual energy budgets
Crisp (1971) developed equations to describe the flow of energy 
through individual organisms. The units of energy can be expressed 
as calories or joules (calories = joules x 0.2392). The equations 
used in the determination of energy flow are:
Consumption, C = P + G + U + F + R 
Absorption, A b = C - F  = P + R + G +  U 
Assimilation, A ** P + R + G
Where, Consumption, (C) = total intake of energy; Production, 
(P) = that part of the assimilated energy that is retained and
incorporated in the biomass of the organism but excluding
reproductive products, i^. e^. "growth"; Gonad output (G) = that part 
of the absorbed energy that is lost through reproductive processes; 
Urine, (U) = that part of the consumption that is absorbed and later 
passed out of the body as excretory material, usually as urine; 
Egesta, (F) that part of the consumption that is ingested but is 
not absorbed and is voided as feces; Respiration, (R) = that part of 
the assimilated energy that is converted into heat directly or
6through mechanical work performed by the organism; Absorption, (Ab)
= that part of the consumed energy that is not eliminated as feces; 
Assimilation, (A) = that part of the consumption that is used for 
respiration and growth, including reproductive organs, but excluding 
feces (F) and urine (U).
Scope for Growth is determined by using the following form of 
the energy budget:
Scope for Growth = P + G = Ab - (R + U).
Scope for Growth represents the energy available for somatic and/or
gonadal production and represents the absorbed calories less
calories lost through respiration and excretion. Growth efficiency
is determined as gross growth efficiency; (P + G) or as net growth
C
efficiency; (P 4- G).
Ab
Consumption rates, (C), of individual drills were determined 
after the method of Garton and Stickle (1980). A drill was placed in 
each of 8 compartments formed by dividing 38-liter aquaria with 
slotted and perforated plexiglass panels. Oyster drills ranging 
from 29 to 74 mm (average 47.2 mm) were selected to allow testing of 
size effects on individual energy budgets. The feeding rate was 
determined by removing and counting the number of juvenile oysters 
consumed each day. A density of 3 oysters per drill was maintained 
throughout the experiment. Feeding rates were measured daily for 21 
days. By weighing the oyster beforehand and the empty valves
7afterwards the total wet weight of oyster flesh consumed over the 
course of the experiment was determined. Per cent body water was
determined after exposing a group of oysters to each salinity, from
^ , ,, (total wet wt. - total dry wt.)the relationship: — ------ _ ■■■.--- -—  ------1------  times 100. The
r total wet wt.
per cent body water was used to convert total wet weight of oyster
flesh consumed to total dry weight. Total calories consumed, (C),
was calculated by multiplying the dry weight consumed by the caloric
content of lyophylized oyster tissue as determined in a Philipson
microbomb calorimeter. Dame (1972) found no significant seasonal
variation in the caloric content of small (<20g whole weight)
intertidal oysters.
Absorption, (Ab), was determined by the ash ratio method of
Copover (1966).' Fecal material was collected by pipetting onto
washed, ashed at 450°C and preweighed glass fiber filters (0.45 uM
pore diameter). The fecal material was washed with 0.9% (w:v)
ammonium formate, oven dried at 90°C and weighed before and after
ashing at 450°C for four hours. Oysters were oven dried at 100°C
for 24 hrs, weighed and then ashed at 450°C for four hours.
F — E
Absorption efficiency was determined as ^_gyp x 100; where F 
equals the (fecal ash free dry weight)/(fecal dry weight) and E 
equals the (oyster flesh ash free dry)/(oyster flesh dry weight). 
Total caloric absorption, Ab, was determined as calories consumed 
per day times the absorption efficiency.
Following the determination of feeding rates, excretion and
8respiration rates were determined. Excretion, (U), was determined 
as the energetic equivalents of ammonia and primary amines (free 
amino acids) excreted per unit time. Urea has been found only in 
trace amounts in the excreta of Thais haemastoma (Stickle, 
unpublished data). Ammonia excretion was determined by Grasshoff 
and Johannsen's (1972) modification of the phenol-hypochlorite 
method originally described by Solorzano (1969). Primary amines 
were determined by the fluorescamine method of North (1975). Elliot 
and Davison (1975) give the energy equivalent of ammonia excretion 
at 5.94 cal per mg ammonia nitrogen excreted. The energy equivalent 
of primary amine loss was taken as the average energy value of 12 
amino acids listed by Elliot and Davison (1975), 902 kcal per mole 
excreted. This is an estimate, as the molar ratios of the 
individual free amino acids were not determined.
Respiration, (R), was determined using a Gilson differential 
respirometer and standard manometric techniques. Oxygen uptake rate 
was converted to caloric equivalents by applying an oxy-caloric 
coefficient of 4.73 calories per ml of oxygen consumed at S.T.P. 
(Crisp, 1971).
Whole animal and weight specific rate functions were analyzed. 
The weight correction for the rate functions (Scope for Growth, 
calories absorbed per day, total calories lost per day, oxygen 
consumption, ammonia and primary amine excretion) was calculated
9from the general form:
V = aWb x
•
where Is the weight specific rate variable, and W is dry weight 
in grams and 'a' and 'b' are fitted constants. The constants 'a' 
and 'b' are calculated from the linear regression of the log of the 
rate variable on the log of the dry weight; 'a' represents the 
intercept and 'b' the slope of the regression equation. Weight 
independent rate variables were finally calculated as:
V = V /wb 
x x
where V is the whole animal rate variable, 
x
Starch gel electrophoresis
Following the determination of individual energy budgets each 
snail was removed from its shell and a portion of the apical body 
whorl, including the gonad and digestive gland, was removed and 
frozen in liquid nitrogen. The remainder of the drill was oven 
dried for determination of. percent body water for estimation of each 
snail's total dry weight. The frozen tissue for electrophoresis was 
thawed, homogenized in 0.25M sucrose and centrifuged at 10,000 x g 
for 60 minutes. The supernatant was retained and stored at -60°C 
for subsequent electrophoresis.
Electrophoretic techniques followed those of Schaal and 
Anderson (1974). A total of 25 enzymes were assayed for the number
10
of alleles present; 13 were raonomorphic, 6 polymorphic and 6 did not 
give consistent results (Table 1). All enzymes were determined 
using Pouliks discontinuous gel and electrode buffer system. All 
individual oyster drills were genetically scored at each of the 6 
polymorphic enzyme loci and the mean heterozygosity (H = number of 
heterozygous loci) per individual calculated. The following 
polymorphic enzymes were used for determination of mean 
heterozygosity: phosphoglucomutase (PGM, E.C. 2.7.5.1),
alpha-L-amino acyl peptide hydrolase (LAP, E.C. 3,4.1.1), 
glucose-6-phosphate dehydrogenase (G6PDH, E.C. 1.1.1.49), two 
dipeptidases (L-leucyl-L-proline, LeuPro and
L-phenylalanyl-L-proline, PhePro, E.C. 3.4.3-) and a nonspecific 
esterase (EST). Electromorphs (alleles) where designated in 
alphabetical order according to distance from the origin, with 'A' 
being slowest, 'B' next slowest, etc.
Statistical analyses
The relationship between H and individual energy budget 
parameters was tested using linear regression and analysis of 
covariance in the general linear model (GLM) procedure of the 
Statistical Analysis System (SAS), (SAS Institute, Inc., 1982). 
Statistical significance is given at the P < 0.05 level.
Table !• List of soluble enzymes assayed in Thais haenastoraa.
tnzvme
Aminopept idase
Clucose-6-phosphn te dehyd rogenase 
Glut .mat e-oxaloacetate transaminase 
kexokinnse 
Dipe tidases 
PhePro 
LeuPro 
LeuTyr 
LeuLeu 
ValLeu 
Probeu 
Phosphogluconucase 
o-phasphogluconate dehydrogenase 
Sorbitol dehydrogenase 
Alcohol Dehydrogenase 
Glutamate dehyodrogenase 
Isocitrate dehydrogenase 
Malic dehydrogenase 
Malic enzyme
tlannose-b-phosphate isomerase
Adenylate kinase
Gatalase
Creatine kinase
Octanol dehydrogenase
Pyruvate kinase
Tetrazollum oxidase
Kesults
Polymorphic
Polymorphic
Polymorphic, but variable staining 
Monomorphic
Polymorphic
Polymorphic
Monomorphic
Monomorphic
tlonomorphlc
llonomorphlc
Polymorphic
Monomorphic
Monomorphic
llonomorphlc
Monomorphic, but variable staining
llonomorphlc
Monomorphic
Monomorphic, but variable staining 
Monomorphic, but variable staining 
No staining 
No staining 
No staining 
No staining 
No staining 
No staining
Results
Mortality and egg capsule deposition
There was no mortality among the oyster drills during the 
periods of acclimation or feeding rate determinations. Three snails 
deposited egg capsules at 20°/ooS, no egg capsule deposition was 
observed at 7.5°/oo or 35°/ooS. Data from the three drills that 
spawned at 20°/ooS were included in all analyses.
Energy budgets
Means for components of individual energy budgets as a function 
of salinity are presented in Table 2. Oyster drills in the 20°/ooS 
experiment were significantly larger than the oyster drills at 7.5 
and 35°/ooS. However, the size ranges were nearly identical in all 
three salinities.
The mean absorption efficiency was 86.15% at 7.5°/ooS, 96.62% 
at 20°/ooS and 80.43% at 35°/ooS. Analysis of variance revealed no 
significant difference caused by salinity (P<0.16). Caloric 
absorption was calculated using the absorption efficiency for each 
salinity. The energy content per rag oyster flesh does not vary as a 
function of oyster length and averaged 4.1631 cal per mg dry weight 
(W. Stickle, unpublished data).
Daily caloric absorption increased with body mass in all three
12
Table 2, Energy budget components for individual oyBter drills as 
minus the standard error.
Salinity (°/ooS)
Variable 1A 20
Length (mm) 46.65 + 0.75 51.57 + 1.24
Total dry weight (g) 0.79 + 0.04 1.63 + 0.09
Number of oysters eaten 1.34 0.11 3.43 + 0.16
Calories absorbed per day 132.40 + 11.6 487.74 + 29.37
Daily oxygen caloric loss 16.19 + 0.87 22.10 + 1.04
Daily primary amine caloric loss 4.62 + 0.90 4.43 + 0.41
Dally ammonia caloric loss 4.56 + 0.20 3.23 + 0.19
Total daily caloric loss 25.37 + 1.43 29.74 + 1.29
Scope for growth (cal day )^ 107.03 + 10.49 460.21 + 28.90
0:N ratio 5.46 + C1.68 12.62 + 2.24
Cross growth efficiency 0.79 + 0.02 0.92 + 0.01
Net growth efficiency 0.68 t °*01 0.89 + 0.01
N 96 95
function of salinity. Means plus and
35
43.33 + 1.07
1.17 + 0.08
4.46 + 0.12
430.96 + 21.72
19.73 + 0.94
4.22 + 0.61
5.01 + 0.16
28.91 + 1.26
398.66 + 21.20
6.00 + 0.60
0.92 + 0.01
0,74 + 0.01
96
14
salinities (Figure 1, Table 3). The linear regressions are 
significant at all three salinities and there is a significant 
interaction between salinity and total dry weight (Table 3).
Caloric absorption increases at a greater rate with body mass at the 
more stressful salinity (7.5°/ooS) than at 20 or 35 °/ooS.
Total daily caloric losses (the sum of oxy-caloric losses and 
nitrogen excretion caloric losses) increases with body mass at each 
salinity (Figure 2, Table 3). The regressions are highly 
significant and there is a significant interaction between dry 
weight and salinity (Table 3). The slope at 7.5 °/ooS is 
significantly greater than the slopes for 20 and 35°/ooS, indicative 
of low salinity stress. Increased caloric losses at 7.5°/ooS are a 
result of greater rates of oxygen consumption per unit weight (Table 
3). Ammonia caloric losses per unit mass are significantly greater 
at 7.5 and 35 °/ooS than at 20°/ooS, but since ammonia caloric 
losses represent a smaller fraction of the energy budget than 
oxy-caloric losses there is no significant effect on total caloric 
losses (Table 3). The rate of primary amine loss per unit weight 
increases with salinity, but the slopes are not significantly 
different among the three salinities (Table 3). As primary amine 
excretion also represents a relatively small fraction of the energy 
budget, this relationship is not reflected in the daily total 
caloric losses. The primary determinant of daily total caloric loss 
is oxygen consumption.
Table 3. Regression formulas, coeftlcients of determination and test for heterogeneity of slopes for components 
of Individual energy budgets regressed on dry weight. W “ dry weight in grams.
Salinity
Component
Regression
formula
hi
R2
Regression
formula
20
Regression
formula
35
Dally Caloric 
absorpt ion
Daily caloric 
losses
oxycalorle
ammonia
primary
amines
2.1+2.356W 0.31 O.OOOJ 2.4+0.947W 0.33 0.0DUI 2.6+0.51bU <1.52 0.0001 p<iJ.<)U01
1.4+0.679W 
1.3+0.793U 
0.7+0.3D1W
0.6+0.59HW
0.40 U.UO01 
0.41 0.0001
0.19 0.0D01
I.4+O.4B0W 
1.2+0.540VI 
0.4+O.064U
0.40 0.0001
0.32 O.OOlJl 
0.00 0.515H
1.4+0.409W 
1.3+0.401U 
0.7+0.1HUU
0.17 O.OOtll U.4+U.655W 0.32 0.0001 U.4+0.U49VI
0.42 U.0001 p<0.02
0.29 U.0001 p<0.0006
0.16 0.0001 p<0.03
0.3l) 0.0001 N.S.
2.1+0.742W 0.20 0.U0U1 2.5+2.652W 0.34 0.0001 2,6+0.5260 0.47 0.0001 b.S.
Scope for 
growth
***
Ury weight 
(regressed on
length in turn) -1 .1+0.042(L) 0.5b 0.0001 -l.H+O.06b(L) 0.79 O.OOOl -2.1+0.074(1.) U.bh 0.0001 p<0.0001
Energy budget components are In calories per day.
Test for hetenogenelty ol slopes, from analysis of covariance uBlng salinity * covariable interaction tens.
Data not log, transformed.
Figure 1. Daily caloric absorption (total calories consumed x
absorption efficiency) regressed on total dry weight. 
Linear regression with 95% CL about the mean. Symbols: 
stars = 7.5 /ooS; diamonds = 20 /ooS; squares = 35 /ooS.
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Figure 2. Daily total caloric losses (sum of oxycaloric, ammonia
and primary amine caloric losses) regressed on total dry 
weight. Linear regression with 95% CL about the mean. 
Symbols: stars = 7.5 /ooS; diamonds = 20 /ooS; squares
= 35 /ooS.
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Oxygen consumption was responsible for 63.8% of the total 
caloric loss at 7.5°/ooS, 74.3% at 20°/ooS and 68.2% at 35°/ooS. 
Ammonia excretion accounted for 18.0%, 10.9% and 17.3% of daily 
caloric losses at 7,5, 20 and 35°/ooS, respectively. Primary amine 
excretion accounted for 18.2%, 14.9% and 14.6% of daily caloric 
losses at 7.5, 20 and 35°/ooS, respectively. The percentages of 
caloric losses by oxygen consumption and ammonia excretion vary 
significantly with salinity. Percent oxycaloric losses are 
significantly different at each salinity while percent ammonia 
excretion caloric losses are significantly less at 20°/ooS than at 
7.5 and 35 °/ooS. The percentage of caloric losses due to primary 
amine excretion does not vary significantly with salinity.
Scope for Growth increases with body mass at all three 
salinities (Figure 3, Table 3). The rate of increase of Scope for 
Growth is not significantly different among all three salinities. 
There is no significant interaction of salinity and total dry weight 
upon individual Scopes for Growth (Table 3). Snails were initially 
selected for a wide range of body lengths. The subsequent dry 
weight to length regressions in each salinity, reflective of the 
Scope for Growth data, are shown in Figure 4 and Table 3. The 
relationship between total dry weight and total length, as a 
function of ambient salinity, indicates that Scope for Growth is a 
reasonable estimator of the potential for somatic and gonadal 
production in Thais haemastoma.
Figure 3. Scope for Growth regressed on total dry weight. Linear 
regression with 952 CL about the mean. Symbols: stars
= 7.5 /ooS; diamonds = 20 /ooS; squares = 35°/ooS.
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Figure 4. Total dry weight regressed on total length. Linear
regression with 95% CL about the mean. Symbols: stars
= 7.5 /ooS; diamonds = 20 /ooS; squares = 35°/ooS.
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Oxygen:nitrogen (0:N) ratios are another index of 
physiological stress. High 0:N ratios (>25) are indicative of 
carbohydrate and lipid catabolism whereas depressed 0:N ratios (<25) 
are indicative of protein catabolism (Conover and Corner, 1968; 
Hayzaud, 1973 and Stickle and Bayne, 1982). 0:N ratios were
significantly greater at 20°/ooS than 7.5 or 35°/ooS (Table 2).
Gross growth efficiencies were significantly lower at 7.5 °/ooS 
than at 20 or 35°/ooS, but not significantly different at 20 or 
35°/ooS (Table 1). However, net growth efficiency was significantly 
greater at 20°/ooS than at 35°/ooS and was significantly greater at 
35°/ooS than at 7.5°/ooS because of the difference in absorption 
efficiencies (Table 2). These data for Scope for Growth, 0:N ratios 
and growth efficiencies indicate that 20°/ooS is a more optimal 
salinity than 7.5 or 35°/ooS in Thais haemastoma.
Allele frequencies
Allele frequencies for each locus are presented in Table 4.
Four alleles were observed for LAP, three for Est and two at each of 
the other four loci. Rare alleles were grouped with their nearest 
common electromorph. Genetic variability in Thais haemastoma is 
similar to that reported for other marine invertebrates (Table 5).
The number of heterozygotes per locus was fairly uniform across 
all loci (Table 6). Expected frequencies of heterozygotes at each 
locus was calculated from Hardy-Weinberg equilibrium, where the
26
Table 4.
N ■ 96 at
Salinity
7.5°/ooS
20°/ooS
35°/ooS
Total
Allele frequencies for each locus aB determined by starch 
7.5 and 35 /ooS, 95 at 20°/ooS; Total N « 287.
locus
Allele PCM PhePro LAP GfePDH
A 0.599 0.464 0.120 0.521
B 0.401 0.537 0.505 0.479
C 0,339
D 0.037
A 0.771 0.319 0.132 0.616
B 0.229 0.681 0.684 0.384
C 0.179
D 0.005
A 0.651 0.379 0.053 0.604
B 0.349 0.621 0.626 0.396
C 0.316
D 0.005
0.674
0.326
0.387
0.613
0.101
0.605
0.278
0.016
0.580
0.420
gel electrophoresis.
LeuPro Est
0.479 0.073
0.521 0.885
0.042
0.395 0.084
0,b05 0.890
0.026
0.412 0.053
0.S8B 0.916
0.031
0.429 0.069
0.571 0.897
0.033
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Table 5. Genetic variation in natural populations of some major groups of animals and 
plants. Average polymorphism, P, is the proportion of loci that are polymorphic. Average 
heterozygosity, H, estimates the frequency of heterozgyous loci per individual. Data taken 
from Ayala and Kiger (1980).
Ave. no. of Average Average
Organisms No. of species loci per species Polymorphism Heterozygosity
Invertebrates
Drosophila 28 24 0.529 0.150
Other insects 4 18 0.531 0.151
Marine
Invertebrates 14 23 0.439 0.124
Thais haemastoma - 15 0.400 0.106
Land snails 5 18 0.437 0.150
Vertebrates 68 24 0.247 0.060
Plants 17 16 0.264 0.046
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Table 6. Number 
electrophoresis.
of heterozygous individuals for each 
Locus
locus as determined by sti
Salinity
7.5°/ooS
PCM PhePro LAP C6PDH LeuPro Est
llomozygotes 69 63 60 76 68 74
Heterozygotes 27 33 36 20 28 22
L'Heterozygotes 28.1 34.4 37.3 20.8 29.2 22.9
20°/ooS
llomozygotes 74 89 70 70 76 74
Heterozygotes 21 6 25 25 19 21
LHeterozygotes 22.1 6.3 26.3 26.3 20.0 22.1
35°/ooS
llomozygotes 63 64 69 80 67 80
Heterozygotes 33 32 27 16 29 16
'He'terozygotes 34.4 33.3 28.1 16.7 30.2 16.7
Total
Homozygotes 206 216 199 226 211 228
Heterozygotes 81 71 88 61 76 59
SHeterozygotes 28.2 24.7 29.6 21.3 26.5 20.6
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expected number of heterozygotes is equal to2q(l-q); q being the 
frequency of the most common allele. The deficit, D, is calculated 
as the observed frequency of heterozygotes minus the expected 
frequency; divided by the expected frequency. Positive values of D 
indicate the excess of heterozygotes, negative values a deficit. 
There was a marked deficit of heterozygotes for PhePro at 20°/ooS. 
Overall, there was a deficiency of heterozygotes from predicted 
Hardy-Weinberg equilibrum values at all loci, except at the Est 
locus (Table 7). The average deficiency, D, across all loci was 
-0.406. There was a slight excess of heterozygotes at Est.
The expected frequency of multiple locus heterozygotes was 
calculated for each group (0, 1, 2, 3, 4 and 5 heterozygous loci per 
snail) assuming the probability of any one locus being heterozygous 
equal to 0.25 (observed average heterozygosity was 0.2515). This ' 
can be approximated by the binomial distribution. The observed and 
expected frequencies are presented in Table 8 and Figure 5. A 
significant excess of multiple locus heterozygotes was observed for 
the classes of 3, 4 and 5 heterozygous loci per snail and a 
significant deficit at the 0 and 1 classes of heterozygous loci per 
snail.
Heterozygosity-energy budget relationships
There was a significant, positive relationship between calories 
absorbed per day and Scope for Growth, expressed as calories per
30
Table 7. Deficiency of heterozygoses from Hardy-Ueinberg equilibrium. Expected frequency 
calculated from allelic frequencies presented in Table 3. Deficiency, D, equals (observed
heterozygote
heterozygote
frequency minus 
deficiency.
expected heterozygote frequency) divided by expected
Locus
Salinity PGM PhePro LAP G6PDH LeuPro Est
7,5°/ooS
Expected H 0.480 0.497 0.614 0.499 0.499 0.209
Observed H 0.281 0.344 0.375 0.208 0.292 0.229
D -0.415 -0.308 -0.389 -0.583 -0.415 40.096
20°/ooS
Expected H 0.353 0.435 0.482 0.473 0.478 0.201
Observed H 0.221 0.063 0.263 0.263 0.200 0.221
D -0.597 -0.855 -0.454 -0.444 -0.582 +0.100
35°/ooS
Expected H 0.454 0.471 0.505 0.478 0.484 0.156
Observed H 0.344 0.333 0.281 0.167 0.302 0.167
D -0.243 -0.293 -0.444 -0.651 -0.376 40.071
Total
Expected H 0.439 0.485 0.546 0.487 0.490 0.189
Observed H 0.282 0.247 0.296 0.213 0.265 0.206
D -0.557 -0.491 -0.458 -0.563 -0.459 +0.090
Average D across all loci: -0.406
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Table 8. Distribution of observed and expected frequencies of the number of heterozygous 
loci per snail. Expected frequency was calculated assuming the probability of a snail 
being heterozygous at any one locus Is 0.25 (Mean observed heterozygosity was 0.2515). 
Chi-square ■ 96.7 with 5 df (p<0.01).
No. of heterozygous loci per snail
£ £ 2 £ 1  A
Observed 60 94 79 31 18 4
Expected 67.8 113.1 75.4 25.1 4.2 0.3
Figure 5. Distribution of observed and expected frequencies of the 
number of heterozygous loci per snail. Data taken from 
Table 8.
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snail, regressed on number of heterozygous loci (Figures 6 and 7, 
Table 9). There is no significant relationship for weight 
independent caloric absorption or Scope for Growth (Figures 8-9, 
Table 9). There was no significant relationship between total 
caloric losses per snail and heterozygosity (Figure 10, Table 9), 
however total caloric losses when weight corrected had a significant 
negative relationship with the proportion of heterozygous loci at 20 
and 35°/ooS (Figure 11, Table 9). Total dry weight increases 
significantly with increasing number of heterozygous loci (Figure 
1 2).
For all loci, average Scope for Growth was always greater (with 
one exception) for heterozygotes, although the difference was not 
always significant (Table 10). Mean Scope for Growth for LAP 
heterozygotes was significantly greater than mean Scope for Growth 
for LAP homozygotes at 7.5 and 35°/ooS but not at 20°/ooS. A 
similar pattern was present for PhePro (Table 10). Mean Scope for 
Growth was significantly greater for G6PDH heterozygotes than G6PDH 
homozygotes at 20°/ooS but not at 7.5 or 35°/ooS. A similar pattern 
was present for LeuPro (Table 10). Mean Scopes for Growth for PGM 
and Est heterozygotes were not significantly greater than mean 
Scopes for Growth for homozygotes at all three salinities.
Analysis of covariance revealed a significant covariable effect 
by the proportion of heterozygous loci, after correcting for 
regression on total dry weight, for daily caloric absorption and
Table 9. Regression formulas, coefficients of determination arid test for heterogeneity of slopes for components of 
individual energy budgets regressed on proportion of heterozygous loci (11).
Component
Dally caloric 
absorption
Daily caloric 
losses
Dally caloric 
loBses/W
Scope for 
growth
Scope for 
growth/W
Total dry 
weight
7.5 /ooS 
2
Regression R P
20 /ooS 35 /ooS
Regression R2 P Regression
70.1+35.622(11) 0.16 0.0001 372.52+94.364(11) 0.12 0.0005 327.50+64.493(11) 0.14 0.0002 N.S.
Dally caloric
absorption/W 92.0+40.378(11) 0.13 0.0003 348.75-9.139(11) 0.00 0.6179 514.88-34.779(H) 0.03 0.0713 P<.003
22.03+1.905(H) 0.03 0.1055 27.74+1.667(H) 0.02 0.1783 24.14+2.962(11) 0.09 0.0029 N.S.
35.43-0.147(H) 0.00 0.9316 26.19-2.893(H) 0.05 0.0331 38.18-3.559(11) 0.05 0.0236 N.S.
48.03+33.716(H) 0.16 0.0001 340.89+99.258(H) 0.14 0.0002 297.14463.034(H) 0.15 0.0001 N.S.
56.56+40.524(11) 0.14 0.0002 320.75-3.199(H) 0.00 0.8611 476.43-31.157(H) 0.03 0.9440 N.S.
0.62+0.97(H) 0.09 0.003 1.3842.84(H) 0.11 0.0009 0.68+0.305(H) 0.21 0.0001
Energy budget components are In calories per day.
Test for heterogeneity of slopes, from analysis of covariance using Ballnlty*heterozygous loci Interaction term.
Figure 6. Daily caloric consumption (total calories consumed x
absorption efficiency) regressed on the proportion of 
heterozygous loci. Linear regression with 952 CL about 
the mean. Symbols: stars = 7.5 /ooS; diamonds =
20 /ooS; squares = 35 /ooS.
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Figure 7. Scope for Growth regressed on the proportion of
heterozygous loci. Linear regression with 95% CL about 
the mean. Symbols: stars = 7.5 /ooS; diamonds =
20 /ooS; squares = 35 /ooS.
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SCOPE FOR GROWTH VS HETEROZYGOSITY 
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Figure 8. Daily caloric consumption divided by W regressed on the 
proportion of heterozygous loci. Linear regression with 
952 CL about £he mean. Symbols:q stars = 7.5 /ooS; 
diamonds = 20 /ooS; squares = 35 /ooS.
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Figure 10. Daily total caloric losses (sum of oxycaloric, ammonia 
and primary amine caloric loses) regressed on the 
proportion of heterozygous loci. Linear regrgssion with 
95% CL about the mean. Symbols:Q stars =7 . 5  /ooS; 
diamonds = 20 /ooS; squares = 35 /ooS.
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Figure 11. Daily total caloric losses divided by W regressed on
the proportion of heterozygous loci. Linear regression 
with 95% CL about the mean. Symbols: stars = 7.5 /ooS;
diamonds = 20 /ooS; squares = 35 /ooS.
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Figure 12. Total dry weight regressed on the proportion of
heterozygous loci. Linear regression with 95% CL about 
the mean. Symbols: stars = 7.5 /ooS; diamonds =
20 /ooS; squares = 35 /ooS. ,
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Table 10. Mean Scope for Growth of homozygotes and heterozygoteB at each locus. Mean plus and minus the 
standard error. Scope for growth la In calorlea per day per snail.
Salinity
7.5°/ooS
Homozygotes
Heterozygotes
t
P
20°/ooS
Homozygotes
Heterozygotes
t
P
35°/ooS
Homozygotes
Heterozygotes
t
P
LAP
91.0 + 13.1
133.7 + 16.9 
2.00 
0.068
488.8 + 33.8
491.8 + 56.2 
0.66
0,514
359.7 + 23.8
502.0 + 38.8
3.13
0.002
PGM
96.0 + 12.1
135.4 + 20.2 
1.71 
0.091
443.2 + 32.1
523.8 + 65.8
1.14
0.254
379.8 + 27.2
434.1 + 33.1 
1 . 2 2
0.224
l.ocus
C6P0H
100.3 +12.5
132.8 + 15.8 
1.26 
0 .2 1 0
404.7 + 26.9
622.1 + 73.3
3.52
0.001
383.8 + 19.1
472.1 + 83.2 
1.57
0.119
EST
96.9 + 12.2
141.0 + 19.3 
1.79
0.77
441.2 + 32.3
526.4 + 65.5 
1.23 
0 . 22 1
399.8 + 23.8
393.0 + 46.9 
- 0 . 1 0  
0.905
PhePro
88.4 + 12.8
142.7 + 17.0
2.53
0.013
459.0 + 28.9
477.9 + 173.1 
0. i7 
0.874
369.4 + 21.5
456.2 + 45.4 
1.97
0.050
LeuPro
101.1 + 1 2 . 8
121.5 + 18.2 
0.88 
0.379
427.8 + 30.4
597.0 + 72.6 
2.36
0.020
363.9 + 21.2
477.7 + 47.5
2.54
0.130
Scope for Growth (Tables 11 and 12). There was no significant 
covariable effect by the proportion of heterozygous loci after 
correction for regression on total dry weight for daily caloric 
losses (Table 13).
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Table 11. Analysis of covariance table for total dally caloric absorption. The R 
for this model Is 0.720. Salinity Is a main effect and total dry weight (Dry. ut.) 
and proportion of heterozygous loci (Het) are covarlableB.
Source DF Sums of Squares F Value Fr>F
Salinity 2 519454 12.50 0.0001
Hec 1 114579 5.65 0.0182
Dry Wt 1 3121810 153.86 0.0001
Het*Sal 2 33607 0.83 0.4379
Dry Wt*Sal 2 67B38 1.67 0.1898
Error 278 5460687
Total 286 20 L15332
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Table 12. Analysis of covariance cable for total dally caloric losses. The R“ for 
this model Is 0.425. Effects are the same as In Table 10.
Source DF Sums of Squares F Value PR>F
Salinity 2 1112 5.52 0.0045
Het 1 56 0.56 0.4555
Dry Ut 1 16171 160.53 0.0001
Het*Salinity 2 48 0.24 0.7883
Dry Wt*Sallnity 2 2370 11.77 0.0001
Error 276 27803
Total 284 48386
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Table 13. 
is 0.713.
Analysis of 
Effects are
covariance table for 
the sane as in Table
scope for growth. 
10.
The R‘
Source DF Suias of Squares F Value PR>F
Salinity 2 464616 11.77 0.0001
Het I 153218 7.76 0.0057
Dry Wt 1 2647076 134.15 0.0001
Het*Salinity 2 45938 1.16 0.3138
Dry Wt*Salinity 2 89961 . 2.28 0.1043
Error 276 5446260
Total 2B4 19109525
Discussion
The results of this study demonstrate a significant genetic 
contribution to the variance of individual energy budgets in Thais 
haemastoma. Specifically, there is a significant increase in Scope 
for Growth, expressed either as calories per day • snail * or when 
adjusted for regression on dry weight (Tables 9 and 10) with 
increasing heterozygosity. This relationship is present at all 
three salinities examined. The number of heterozygous loci per 
snail explains 16% of the variation in individual energy budgets at 
7.5°/ooS, 14% at 20°/ooS and 15% at 35°/ooS. These results provide 
definitive physiological evidence supporting the positive 
relationship between growth rates and heterozygosity in other marine 
invertebrates, particularly oysters (Singh and Zouros, 1978; Zouros 
et al., 1980 and Singh, 1982) and polychaetes (Manwell and Baker, 
1982).
Scope for Growth, caloric absorption, (Ab), minus caloric 
losses, (R + U) from Crisp's (1971) energy budget terminology, can 
be increased by maximizing caloric absorption or reducing caloric 
losses. Caloric absorption can be increased by either increasing 
the absorption efficiency in the gut or increasing total caloric 
intake. There is little evidence that absorption efficiency can be 
regulated by a gastropod in order to optimize caloric absorption.
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Stickle and Bayne (1982) found the ingestion rates and absorption 
efficiency of Thais lapillus to vary in a direct manner with 
environmental salinity at 10, 15 and 20°C. In Thais haemastoma the 
feeding rate is the most important factor in determining Scope for 
Growth. It should be noted, however, that prey availability was 
never a limiting factor in this experiment. Although caloric losses 
increase with body mass, a concomitant increase In feeding rate 
results in Scope for Growth increasing with body mass.
Minimizing caloric losses would also maximize Scope for Growth. 
One theory (Berger, 1976) advanced for the greater growth rates 
associated with heterozygosity is that there is a lower energetic 
cost for metabolic regulation in heterozygotes than for homozygotes 
that results from higjier metabolic efficiency of the heterozygous 
enzymes. A negative relationship between degree of heterozygosity 
and metabolic costs via oxygen consumption in small starving oysters 
has been demonstrated by Koehn and Shumway (1982). This inverse 
relationship was present in acclimated and stressed oysters. Koehn 
and Shumway (1982) suggested that the reduced metabolic costs 
associated with increased degree of heterozygosity might be 
reflected in a greater Scope for Growth, as a possible biochemical 
explanation for greater growth rates associated with heterozygosity 
in oysters. However, the complete energy budgets were not measured, 
and the oysters were starved, so that the oxygen consumption is 
associated with "standard" maintenance cost, not "routine"
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metabolism of active, fed oysters. In well-fed Thais haemastoma 
there is a significant negative relationship between total weight 
independent caloric losses, (R + U), divided by W^, and degree of 
heterozygosity at 20 and 35°/ooS. This suggests greater metabolic 
efficiency of heterozygotes in this species also. However, overall 
analysis of covariance revealed no significant genetic effect after 
correcting for regression on total dry weight. Although it appears 
there may be some degree of greater metabolic efficiency in 
heterozygous individuals, this difference alone is not sufficient to 
cause the significant increase observed in Scope for Growth of 
heterozygous individuals. Rather, increased caloric ingestion rate 
resulting from higher predation rates was the primary determinant of 
increased Scope for Growth in heterozygous individuals.
Statistical analysis of individual energy budgets is 
complicated by the collinearity of total dry weight and degree of 
heterozygosity. In all three salinities, the more heterozygous 
individuals had a greater mass than the more homozygous individuals. 
This creates the problem of separating genetic effects from body 
mass effects. Collinear effects due to dry weight can be removed 
using a simultaneous solution in analysis of covariance. Following 
correction for body mass effects, there is still a significant, 
positive heterozygous contribution to explaining variation in Scope 
for Growth (Table 10). Scope for Growth differences in each 
salinity were observed in the differences in the regressions of
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total dry weight on length in each salinity. Galtsoff (1964) and 
Bayne _et al (1978) have correlated increased gametic output with 
increasing body size in oysters and mussels. If this is true in T.
haemastoma then snails with higher Scopes for Growth have a
selective advantage over snails with lower Scopes for Growth.
The selective advantage of heterozygotes in mortality and 
survival studies has been demonstrated in oysters (Fujio et al.,
1979 and Singh, 1982), mussels (Mytilus edulis) (Levinton and 
Lassen, 1978 and Koehn j^ t _al. , 1980) and clams (Mya arenarla) 
(Levinton and Fundiller, 1975). In these studies total body size 
was or may have been a significant contributing factor in the 
survival of individuals. In Thais haemastoma there is a significant 
excess of multiple locus heterozygous individuals in the higher 
classes; 3, 4 and 5 heterozygous loci per snail (Table 8, Figure 5).
This suggests some selective advantage to the more highly
heterozygous individuals over more homozygous individuals due to 
different mortality rates. Greater body mass as a result of greater 
Scope for Growth would be the most plausible explanation for the 
greater survivorship of the heterozygous individuals.
The selective advantage of multi-locus heterozygosity in adults 
is not reflected in the frequency of single locus heterozygotes. 
There is a deficit of single locus heterozygotes from predicted 
Hardy-Weinberg equilibrium in Thais haemastoma. This phenomenon has 
been noted in other marine invertebrates which possess a planktonic
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larval stage (Zouros _al. , 1980 and Manwell and Baker, 1982)* 
Several mechanisms other than genotype-dependent selection have been 
proposed to account for the observed deficit of heteozygotes. If 
the population sampled was derived from the immigration of larvae of 
two or more demes, either unknown or unsampled, each with different 
allelic frequencies, there will be an apparent deficit of 
heterozygotes (Wahlund effect). Sampling populations in which there 
are overlapping generations, extended, non-seasonal breeding cycles, 
or year classes that cannot be distinguished, will tend to 
overestimate expected heterozygosity. Another difficulty is the 
assumption of random breeding on which the prediction of 
Hardy-Weinberg equilibrium is based. The amount of inbreeding in a 
natural population is usually unknown. Finally, the presence of 
"silent" alleles may also account for the observed deficit of 
heterozygotes. Levinton and Suchanek (1978) studied genetic 
differentiation across different geographic scales in Pacific Coast 
populations of Mytilus edulls and M. californianus. They concluded 
that the breeding structure of the mussel populations may be 
responsible for the observed genetic variation although ecologically 
related microgeographic variation could explain some variation in 
allele frequencies. However, Gartner-Kepkay et al., (1980) 
concluded that environmental selection provided a more satisfactory 
explanation, over Wahlund effect, inbreeding and "silent" alleles, 
in explaining allele frequencies in scattered populations of M.
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edulis along the Eastern Canadian coast. The deficit of 
heterozygotes, D, decreases in the older age classes of oysters, 
Crassostrea virginica (Zouros et al., 1980), further evidence of 
selection as an important factor in determining allele frequencies.
Singh (1982) has proposed a system of balancing selection to 
explain the observed deficit of heterozygotes in oysters. The 
proposed system may be generally applicable to most species of 
marine invertebrates that spawn seasonally and possess 
planktotrophic larval stages. Singh (1982) hypothesizes that when 
oyster larvae are produced the genotypes are in Hardy-Weinberg 
equilibrium with no deficiency of heterozygotes. The fast-growing 
heterozygotes will have a higher food intake demand than the slower 
growing homozygotes. If this higher food demand is not met during 
planktonic development there will be a higher mortality rate in 
heterozygous larvae than In homozygous larvae. However, the 
surviving heterozygotes have a competitive advantage over 
homozygotes following the critical larval settlement period. This 
last point is supported by the observations of Newkirk et al (1977) 
that fast growing oyster larvae continue to be fast growing spat.
The hypothesis of balancing selection can be tested by determining 
if deficits of heterozygotes exist in species that do not possess a 
planktotrophic larval stage. Research currently in progress in this 
laboratory with Thais lamellosa may shed more light on this 
phenomenon. T. lamellosa is a species in which nurse cells are
provided in the egg capsule for larval utilization. Juvenile snails 
hatch from the egg capsule via direct development and there is no 
planktotrophic larval stage (Emlen, 1966).
Studies on the higher growth rates and larger sizes associated 
with heterozygosity in marine invertebrates have attributed this 
phenomenon to overdominance by heterozygotes, qualified by the 
possibility that the loci may be closely linked to loci actually 
responsible for the growth rates (Berger, 1976; Zouros et al., 1980 
and Manwell and Baker, 1982). Overdominance is defined here as the 
condition where the heterozygotes exhibit greater fitness for any 
given trait than any homozygote. Zouros et jil (1980) examined in 
detail a number of alternative hypotheses to explain the 
distribution of heterozygotes and growth rates in oysters. The most 
plausible explanation was overdominance in genotype-dependent growth 
rate (Zouros _et jil., 1980). Hypotheses deemed less plausible in 
affecting the observed deficiency of heterozygotes were sex-linked 
loci, null alleles, inbreeding, mixture of two or more species and 
population subdivision. Berger (1976) pointed out that a system of 
truncating selection in which total heterozygosity and reproductive 
fitness are correlated could account for the level of polymorphism 
observed in natural populations while the contribution of any one 
locus could be quite small. This viewpoint is supported by the 
Scope for Growth data in Thais haemastoma. Heterozygotes at all
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loci have Scopes for Growth that are significantly greater than 
homozygotes only in 6 of 18 comparisons (Table 10). The net 
cumulative effect is that Scope for Growth increases with number of 
heterozygous loci in T. haemastoma.
However, when Scopes for Growth for heterozygotes and 
homozygotes are examined at each locus, some trends emerge which 
allow speculation on the functional significance of each enzyme in 
intracellular processes. Considerable evidence has accumulated that 
suggests that the LAP locus, at least in Mytilus edulis, is involved 
in the intracellular regulation of amino acids in response to 
changes in salinity (Koehn, 1978; Koehn, Hall and Zera, 1980; Koehn, 
Newell and Immerman, 1980; Koehn, Bayne, Moore and Siebenaller,
1980 and Moore et al., 1980). Data for Thais haemastoma (0:N ratio, 
ammonia excretion rates and the relation of Scope for Growth to dry 
weight) indicate that this species experiences stress at 7.5 °/ooS 
and, to a lesser extent, at 35°/ooS, but not at 20°/ooS. Hence 
20°/ooS is a more optimal salinity for TT. haemastoma than 7.5 or 
35°/ooS. Heterozygotes at the LAP locus have a significantly higher 
Scope for Growth than homozygotes only at the stressful salinities, 
7.5 and 35°/ooS. The relationship between LAP genotype and Scope 
for Growth is not allele specific. LAP heterozygotes have a higher 
Scope for Growth regardless of the alleles paired together. No 
direct LAP allelic selection from salinity could be detected for the 
different LAP homozygotes. Therefore, in Thais haemastoma genetic
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variability at the LAP locus appears to be a result of heterozygotic 
overdominance rather than direct selective pressure from clines of
salinity as has been reported for Mytilus edulis in Long Island
Sound (Koehn, Hall and Zera, 1980 and Koehn, Newell and Immermann, 
1980), This suggests a functional role and direct selective 
pressure on genetic variability at the LAP locus from salinity. 
PhePro heterozygotes have a significantly higher Scope for Growth at
7.5°/ooS; LeuPro and G6PDH at 20°/ooS and LeuPro at 35°/ooS. No
functional interpretation of these differences can be made because 
there is a lack of information on the possible roles of these 
enzymes in intracellular mechanisms of osmotic regulation.
Although heterozygotic overdominance appears to be a likely 
explanation for the maintenance of genetic polymorphisms in marine 
invertebrates, such as Thais haemastoma, there are numerous other 
mechanisms which might also lead to relatively stable genetic 
polymorphisms (See Hartl, 1980 for a thorough treatment). Those 
that might apply in the case of TT. haemastoma include epistasis, 
variable selection coefficients during the life cycle and 
density-dependent selection. All might play some role in 
establishing stable polymorphisms. An important restriction on 
heterosis (increased growth rates in heterozygous individuals) is 
that the effects are not cumulative. Any heterozygote accumulation 
from natural selection during one generation disappears because of 
random mating and recombination of alleles during meiosis and
fertilization. An interesting example of heterozygote accumulation 
through apomictic parthenogenesis which is subsequently lost during 
episodes of sexual reproduction has been documented for Daphnia 
magna (Hebert, 1974a and b). In spite of this restriction, there 
are sufficient mechanisms to explain the establishment of stable 
genetic polymorphisms in natural populations, thus assuring adequate 
genetic variation in any generation.
The maintenance of genetic variability within populations via 
selection is extremely important in our understanding of 
evolutionary processes, as reflected in the genetic contribution to 
the bioenergetics of Thais haemastoma. The statistically 
significant genetic contribution In explaining physiological 
variability suggests a physiological-genetic mechanism, interacting 
with selective pressures from fluctuating environmental factors 
characteristic of estuaries, for the evolution of physiological 
races in marine invertebrates. Overdominance at six polymorphic 
loci coding for soluble enzymes can account for the observed 
increased Scopes for Growth of heterozygotes compared to 
homozygotes. The contribution from any one locus is small, but the 
effect is additive. Energy budget parameters are also affected by 
body mass, salinity and their interaction and Scope for Growth 
increases with body mass. As heterozygotes are larger than 
homozygotes, there is an interaction of genotype, body mass and 
salinity affecting the energy budget of this species. The combined
genetic, physiological, and environmental effects upon individual 
energy budgets provide a mechanism for the maintenance of stable 
genetic polymorphisms in T. haemastoma.
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Table II. Mean {+ standard error) lengths (mm) of- homozygotes and heterozygotes at each Incus and at each
salinity.
Salinity
7.5°/ooS
Uomozygotes
Heterozygotes
t
P
20°/oo5
Uomozygotes
Heterozygotes
t
P
35°/ooS
Homozygotes
Heterozygotes
t
P
LAP
46.1 + 1.0
47.6 + 1.2 
0.99 
0.3216
51.5 + 1.5
51.7 + 2.3 
0 .10  
0.9424
41.3 + 1.1
48.4 + 2.3 
3.10 
0.0026
PGM
45.6 + 0.8
49.4 + 1.5 
2.32 
0.0223
50.8 + 1.4
54.4 + 2.4 
1 . 2 1  
0.2102
42.2 + 1.3
45.5 + 1.9 
1.49 
0.1408
G6PDH
46.4 + 0.9
47.7 + 1.4 
0.69 
0.4953
50.6 + 1.4
54.2 ± 2.7 
1.29 
0.2008
42.4 + 1.1
47.8 + 2.9 
1.90 
0.0608
Est
46.0 + 0.9
48.8 + 1.4 
1.56 
0.1228
50.4 + 1.4
55.7 + 2.6 
1.77 
0.0791
42.7 + 1.1
46.4 + 3.5 
1.28 
0.2052
PhePro
45.8 + 0.8
48.2 + 1.5 
1.49 
0.1393
51.6 + 1.3
51.7 + 5.7 
0.00 
0.9838
41.7 + 1.2
46.7 + 2.0 
2.26 
0.0258
LeuPro
47.0 + 0.9
45.8 + 1.2 
-0.73
0.4649
50.5 + 1.4
55.8 + 2.7 
1.74 
0.0858
41.9 + 1.2
46.6 + 2.0 
2.06 
0.0426
Table lit. (Jean (+ standard error) total dry weight (grams) of honozygotes and heterozygotes at each locus and at
each salinity.
Salinity
7.5°/ooS
llotiozygotes
Heterozygotes
t
P
20°/ooS
llomozygotes
Heterozygotes
t
P
35°/ooS
llomozygotes
Heterozygotes
t
P
LAP
0.759 + 0.04A 
0.849 + 0.080
1.07 
0.2855
1.600 + 0.106 
1.703 + 0.190 
0.49 
0.6276
0.999 + 0.084 
1.618 + 0.189
3.47 
0.0008
PGM
0.736 + 0.046 
0.936 + 0.077 
2.25 
0.0267
1.606 + 0.106 
1.702 + 0.196 
0.42 
0.6695
1.098 + 0.105 
1.319 + 0.141 
1.24
0.2163
Locus
G6PDH
0.788 + 0.046 
0.810 + 0.086 
0.22 
0.8251
1.519 + 0.099 
1.930 + 0.210 
1.99 
0.0497
1.105 + 0.88 
1.516 + 0.239
1.83 
0.0703
EBt
0.751 + 0.044 
0.933 + 0.095
1.91 
0.0586
1.491 + 0.098 
2.107 + 0.208 
2.87 
0.0051
1.116 + 0.083
1.460 + 0.286
1.52 
0.1313
PhePro
0.723 + 0.044 
0.924 + 0.079
2.42 
0.0175
1.612 + 0.095 
1.854 + 0.446 
0.63 
0.5268
1.038 + 0.089 
1.445 + 0.172
2.32 
0.0225
LeuPro
0.791 + 0.049 
0.795 + 0.074 
0.00 
0.9654
1.534 + 0.098
2.000 + 0.231
2.05 
0.0402
1,049 + 0.091
1.461 + 0.176
2.29 
0.0244
Table IV. Mean {+ standard error) dally caloric absorption (cal
at each locus nnd at each salinity.
Salinity
7.5°/ooS
llomozygotes
Heterozygotes
t
P
20°/ooS
llomozygotes
Ueterozygotes
t
P
35°/ooS
llomozygotes
Ueterozygotes
t
P
LAP
114.6 + 13.9 
162.0 + 17.7 
2.10  
0.0389
475.2 + 28.9 
522.9 + 77.6 
0.71 
0.4768
PGM
119.5 + 13.1
165.5 + 20.5 
1 .8 8
0.0633
472.8 + 32.8
540.5 + 65.4 
0.96
0.3411
Locus
G6PDH
125.6 + 13.4 
158.2 + 16.3
1.19
0.2380
433.1 + 27.4
640.6 + 74.0 
3.27
0.0015
386.5 + 18.5
544.6 + 56.2 
3.46
0.0008
413.7 + 27.9 
454.0 + 33.8 
1 .1 0  
0.2735
416.4 + 19.9 
504.0 + 84.0 
1.51 
0.1334
day 1 snail ^) of homozygotes nnd heterozygotes
Eat
122.7 + 13.0 
165.2 + 20.1 
1.62 
0.1097
467.4 + 32.8
559.4 + 64.5 
1.30
0.1950
432.5 + 24.3 
423.0 + 49.0
-0.17
0.8714
PhePro
111.8 + 13.4
171.8 + 18.2 
2.64
0.0098
486.6 + 29.4 
504.0 + 177.7
0,14
0.8868
402.7 + 22.6 
487.5 + 45.9
1.86
0.0654
LeuPro
127.1 + 13.8
145.2 + 18.6 
0.73
0.4636
457.7 + 31.2
607.8 + 73.0 
2.08
0.0402
396.8 + 22.2
509.8 + 48.0 
2.45
0.0161
-vf
Table V. Mean (+ standard error) oxygen consumption (as caloric losses, cal
heterozygotes at each locus and at each salinity*
Locus
EBtSalinity
7.5°/ooS
llomozygotes
Ueterozygotes
t
P
20°/ooS
llomozygotes
Ueterozygotes
t
P
35°/ooS
Homozygotes
Heterozygotes
t
P
LAP
15.0 + 1.0 
18.2 + 1.6
1.79
0.763
21.7 + 1.2
23.2 + 2.2 
0.66
0.5102
18.0 + 0.9
24.2 + 2.2 
3.09
0.0026
PGM
14.6 + 1.1 
2 0 . 2 + 1 .2  
3.00 
0.0035
2 2 . 2  + 1 . 2  
21.9 + 2.2 
- 0 .10  
0.9162
19.8 + 1.1 
20.4 +1.7 
0.56 
0.5815
C6PDH
15.8 + 1.0 
17.6 + 1.7
0.81
0.4172
2 1 . 8  + 1 . 2
23.1 + 1.9 
0.56
0.5786
19.2 + 1.0
22.2 + 2.3 
1.19
0.2370
16.2 + 1.0 
16.1 + 1.6 
0.00 
0.9635
21.0 + 1.2 
26.0 + 2.1 
2.05 
0.0428
19.1 + 1.0 
22.7 + 2.9 
1.44 
0.1549
day * • snail
PhePro
15.4 + 1,1 
17.7 + 1.3 
1.24 
0.2161
22.3 + 1.0 
19.I + 6.1
-0.74
0.4599
19.4 + 1.1
20.5 + 1.7 
0.55
0.5852
) of homozygoteB and
LeuPro
16.6 + 1.0
15.1 + 1.6 
-0.79
0.4298
2 2 .0 + 1.1 
22.7 + 2.5 
0.28 
0.7727
19.5 + 1.1
20.1 + 1.9 
0.30
0.7709
05
o
Table VI. Mean (+ standard error) daily caloric loss by ammonia excretion (cal • day * • snail *) of homozygot
and heterozygotes at each locus and each salinity.
Salinity
7.5°/ooS
llomozygotes
Heterozygotes
t
P
20°/ooS
llomozygotes
Ueterozygotes
t
P
35°/ooS
llomozygotes
Ueterozygotes
t
P
LAP
4.52 + 0.25 
4.63 + 0.33 
0.26 
0.7946
3.14 + 0.21 
3.48 + 0.46 
0,77 
0.4408
4.98 + 0.19
5.10 + 0.29 
0.33
0.7456
PCM
4.27 + 0.23
5.29 + 0.34
2.37
0.0200
3.29 + 0.23
2.99 + 0.29
- 0.66 
0.5085
4.86 + 0.20
5.30 + 0.27 
1.30
0.1978
Locus
G6PDH
4.65 + 0.23 
4.22 + 0.39 
- 0.88 
0.3817
2.94 + 0.18
4.07 + 0.53
2.62
0.0103
4.95 + 0.17
5.33 + 0.49 
0.88
0.3807
Est
4.63 + 0.24
4.32 + 0.29 
- 0.66 
0.5121
3.34 + 0.23
2.83 + 0.29 
- 1 .1 0  
0.2722
5.06 + 0.17
4.74 + 0.42 
-0.75
0.4534
PhePro
4.47 + 0.26
4.73 + 0.29 
0.62 
0.1886
3.29 + 0.21
2.33 + 0.22 
- 1 . 2 1  
0.2280
4.92 + 0.19
5.20 + 0.30 
0.82
0.4128
LeuPro
4.73 + 0.26
4.15 + 0.26 
-1.32
3.38 + 0.22
2.57 + 0.37 
-1.65
0.1024
4.77 + 0.16
5.58 + 0.36
2.39
0.0190
Table VII. Mean (4 standard error) dally caloric Inns by primary amine excretion (cal ■ day *
homozygotes and heterozygotes at each loom and eacb salinity.
snail *) of
Salinity
7.5°/ooS
llomozygotes
Ueterozygotes
t
P
20°/ooS
Homozygotes
Ueterozygotes
t
P
35°/ooS
llomozygotes
Ueterozygotes
t
P
LAP
4.09 4 0.68 
5.50 4 2.13 
0.76 
0.4500
4.42 4 0.47 
4.46 4 0.89 
0.00 
0.9595
3.83 4 0.70 
5.27 4 1.19 
1.06 
0.2912
PCH
4.61 4 1.23 
4.63 4 0.64 
0.00 
0.9933
4.29 4 0.47 
4,92 4 0.91 
0.63 
0.5296
4.27 4 0.87 
4.12 4 0.60 
0.10 
0.9062
Locus
C6PDH
4.89 4 1.16 
3.57 4 0.67 
-0.59 
0.5542
3.72 + 0.32 
6.40 4 1,22 
2.97 
0.0037
4.20 4 0.71 
4.31 4 0.91 
0 .1 0  
0.9341
Eat
3.49 4 0.34 
3.70 4 0.18 
-0.55 
0.5831
4.48 4 0.50 
4.24 4 0.66 
-0.24 
0.8106
4.56 4 0.72 
2.54 4 0.47 
-1.25 
0.2143
PhePro
4.68 4 1.16 
6.76 4 2.52 
1.74 
0.0847
4.41 4 0.44 
4,65 4 0.70 
0.14 
.0.8909
3.51 4 0.69 
5.58 4 1.14 
1.62 
0.1088
LeuPro
4.45 4 1.28 
-0.10 
0.9091
4.57 4 0.50 
3.B4 4 0.53 
-0.71 
0.4774
3.28 4 0.58 
6.36 4 1.41 
2.41 
0.0181
OS
to
iTable VIII. Mean (+ standard error) total dally
heterozygotes at each locus and each salinity.
Salinity LAP PGM
7.5°/ooS
llomozygotes 23.6 + 1.4 23.5 + 1.9
Ueterozygotes 28.3 + 2.9 30.1 + 1.5
t 1.61 2.12
P 0.1110 0.0367
20°/ooS
llomozygotes 29.2 + 1.4 29.7 + 1.5
Ueterozygotes 31.2 + 2.8 29.8 + 2.7
t 0.67 0.00
P 0.5061 0.9959
35°/ooS
llomozygotes 26.8 + 1.2 28.4 + 1.6
Ueterozygotes 34.6 + 3.0 29.8 + 2.0
t 2.87 0.56
P 0.0051 0.5797
cslorlc losses
Locus
C6PDH
25.4 + 1.7
25.4 + 2.3 
0.00
0.9991
28.4 + 1.4
33.6 + 3.0
1.77
0.0808
28.8 + 1.4
31.9 + 3.0
1.07
0.2874
(cal ■ day *
Est
25.7 + 1.8
24.1 + 1.9 
-0.47
0.6427
28.8 + 1.5
33.1 + 2.3
1.39
0.1691
228.7 + 1.4
30.0 + 3.2 
0.40 
0.6929
Bnall of homozygoten and
PhePro
23.4 + 1.5 
29.2 + 2.9 
1.96 
0.0532
30.0 + 1.3
26.1 + 6.5 
-0.73
0.4675
27.7 + 1.5
31.2 + 2.3 
1.33
0.1872
LeuPro
26.0 + 1.8 
23.7 + 2.0 
-0.73 
0.4625
29.9 + 1.5
29.0 + 2.9 
-0.26
0.7928
27.5 + 1.3
32.1 + 2.8 
1.70
0.0923
Table IX. Mean (+ standard error) weight specific dally caloric absorption (cal • day * divided by U*1) of
horaozygntes and heterozygotes at each locus and at each salinity.
Salinity
7.5°/ooS
llomozygotes
Heterozygotes
t
P
20°/ooS
llomozygotes
HeterozygotcB
t
P
35°/ooS
llomozygotes
Ueterozygotes
t
P
LAP
245.8 + 38.6
533.0 + 136.2 
2.03
0.0491
347.7 + 22.0
320.1 + 33.4 
- 0.66
0.5123
413.5 + 15.8 
436.0 + 27.2 
0.74 
0.4599
PGM
327.3 + 49.0
420.4 + 164.8 
0.54
0.5919
337.7 + 22.1
350.4 + 30.2 
0.29
0.7762
417.1 + 15.6
425.1 + 26.5 
0.28
0.7820
Locus
G6PDH
322.6 + 68.7
470.6 + 92.9 
1.04
0.3012
329.4 + 20.5
371.6 + 40.2 
1.01
0.3159
422.7 + 14.4
405.5 + 40.2 
-0.47
0.6422
EST
346.8 + 70.1
376.1 + 92.1 
0.21
0.8327
352.8 + 21.0
296.9 + 37.5 
-1.26
0.2091
426.8 + 15.5
385.1 + 25.2 
-1.14
0.2564
PhePro
342.6 + 59.9
374.3 + 82.7 
0.31
0.7566
346.4 + 19.3
252.4 + 50.7 
-1.24
0.2163
413.7 + 15.5 
432.1 + 26.8
0.64
0.5270
LeuPro
342.2 + 76.1 
381.0 + 73.4 
0.37 
0.7145
337.7 + 21.1 
351.4 + 37.8
0.30
0.7680
406.9 + 15.4
449.7 + 27.5 
1.45
0.1509
00-c-
Table X. Mean (+ standard error) weight specific dally oxygen caloric loss (cal ■ day  ^ divided by W^) of
homozygotes and heterozygotes at each locos and at each salinity.
Salinity
7.5°/ooS
llomozygotes
Ueterozygotes
t
P
20°/ooS
llomozygotes
Ueterozygotes
t
P
35°/ooS
llomozygotes
Heterozygotes
t
P
LAP
19.4 + 1.2
21.5 + 1.5 
1.09
0.2809
PGM
19.2 + 1.5 
2 2 . 6 + 1.1  
1.69 
0.0944
Locus
G6PDH
19.7 + 1.0 
22.0 + 1.9 
1.03 
0.3091
Est
2 0 .8 + 1 .0  
18.2 + 1.9 
-1.16 
0.2482
PhePro
20.3 + 1.2 
20.0 + 1.4 
-0.14 
0.8887
LeuPro
20.6 + 1.4 
19.2 + 3.8 
- 0.68 
0.5009
18.1 + 1.0 
17.9 + 1.3 
- 0.11 
0.9144
18.3 + 0.9 
17.1 + 1.6 
-0.64 
0.5214
18.2 + 0.9 
17.7 + 1.5 
-0.27 
0.7880
18.1 + 1.0 
17.7 + 1.1 
-0.28 
0.7831
18.4 + 0.8 
12.6 + 3.3 
-0.81 
0.0739
18.3 + 0.9 
16.9 + 2.1 
- 0.68 
0.4962
19.0 + 0.8 
20.9 + 1.7 
1.10
0.2759
19.8 + 0.9 
19.1 + 1.5 
-0.39 
0.6956
19.3 + 0.8 
20.0 + 1.7 
0.28 
0.7787
19.9 + 0.9 
21.0 + 2.4 
0.83 
0.4071
20.1 +0.9 
18.8 + 1.3 
-0.67 
0.5044
18.2 + 1.5 
-1.13 
0.2609
00Ln
Table XI. Mean (+ standard error) weight specific ammonia caloric loss (cal
homoaygotea and heterozygotes at each locus and at each salinity.
Salinity
7.5°/ooS
Homozygotes
Heterozygotes
LAP
5.1 + 0.2
5.1 + 0.4 
0.03
0.9741
PGM
4.9 + 1.1 
5.7 + 2.2 
1.82 
0.0725
Locus
GfePDH
5.2 + 0.2 
4.6 + 0.4 
-1.2! 
0.2305
Eat
5.3 + 1.0 
4.6 + 1.9 
-1.37 
0.1749
20 /ooS 
Homozygotes
Heterozygotes
t
P
3.1 + 0.2 
3.4 + 0.4 
0.70 
0.4854
3.2 + 0.2 
2.9 + 0.3 
-0.89 
0.3785
2.9 + 0.2
3.9 + 0.5 
1.97
0.0586
3.3 + 0.2 
2.7 + 0.3 
-1.26 
.2096
35°/ooS
Homozygotes
Ueterozygotes
t
P
5.1 + 0.2 
4.8 + 0.2 
- 1 .00  
0.3221
4.9 + 0.2 
5.2 + 0.3 
0.90 
0.3696
5.0 + 0.2
5.1 + 0.4 
0.15
0.8789
5.1 + 0.2 
4.6 + 0.3 
-1.40 
0.1636
day * divided by W^) of
PhePro
5.1 + 1.2
5.1 + 1.4 
-0.17
0.8672
3.2 + 0.2
2.2 + 0.2 
-3.30
0.0044
5.0 + 1.4
5.0 + 1.6 
0.05
0.9601
LeuPro
5.3 + 0.2 
4.7 + 0.3
-1.44
0.1556
3.3 + 0.2 
2.5 + 0.4
-1.81
0.733
4.9 + 0,2
5.4 + 0.3 
1.41
0.1666
00
O'
Table XII. Henn (+ standard error) weight specific primary amine caloric loss (cal * day 
homozygotes and heterozygotes at each locus and at each salinity.
Salinity
7.5°/ooS
Homozygotes
Ueterozygotes
t
P
LAP
5.4 + 1.3
5.4 + 1.4 
- 0.02
0.9877
PGM
5.5 + 1.3
5.2 + 0.8 
-0.13 
0.8982
Locus
C6PH
5.8 + 0.7 
4.2 + 1.2 
-1.17 
0.2438
EBt
5.8 + 1.2 
4.2 + 0.5 
- 1 . 2 2  
0.2246
PhePro
4.3 + 0.4 
7.6 + 2.7 
1 .21 
0,2331
20°/ooS
llomozygotes
Heterozygotes
t
P
3.5 + 0.4 
3.1 + 0.5 
-0.46 
0.6436
3.3 + 0.4 
3.7 + 0.7 
0.45 
0.6514
3.0 + 0.3 
4.4 + 0.9 
1.36 
0.1839
3.5 + 0.4 
2.8 + 0.4 
-1.23 
0.2254
3.4 + 0.3 
3.3 + 0.4 
-0.1252 
0.9024
Homozygotes
Ueterozygotes
t
P
4.3 + 0.8 
3.1 + 0.5 
-1.24 
0.2171
4.3 + 0.3
3.4 + 0.9 
-0.77
0.454
4.0 +0.7 
3.5 + 0.6 
-0.62 
0.5367
4.3 + 0.6 
2.2 + 0.4 
-2.59 
0.0112
3.4 + 0.6 
5.0 + 1.4 
1.06 
0.2933
divided by W*1) of
LeuPro
5.0 + 0.8
6.6 + 2.7 
0.58
0.5693
3.6 + 0.2 
2.5 + 0.4
-2.45
0.1063
3.3 + 0.5
5.4 + 1.5 
1.27
0.2118
oo■vj
Table XIII. Mean (F standard error) weight sperlflc Hilly total ralorlc lnsscs (cal • Hay 1 divided by W^) of 
honnzygotea and hnternzygotea at pacli Incoa and at eacb aallnlty.
Salinity
7.5°/ooS
llomozygotes
Ueterozygotes
t
F
U P
30.0 + 2.0
32.0 + 2.0 
0.64
0.5258
PC M
29,8 + 1.9 
33.6 + 2.0 
1.46 
0.1486
Locus
CJ-FDtl
30.8 + 1.8 
30.6 + 2.3 
-0.08 
0.9383
Fat
27.0 + 1.8 
31.9 + 2.4 
-1.40 
0.1655
PlicFro
29.7 + 1.5
32.8 + 3.1 
0.89
0.3801
LenFro
30.8 + 1.4 
30.7 + 3.8 
- 0 .0 1  
0.9955
20 /ooS 
llomozygotes
Ueterozygotes
t
P
24.7 + 1.2
24.8 + 1.4 
-0.09
0.9292
25.0 + 1.1
23.9 + 2.0 
-0.48 
0.6301
24.3 + 1.0 
26.2 + 2.0 
0.87 
0.3877
25.1 + 1.1 
23.8 + 1.3 
-0.78 
0.4379
25.2 + 1.0 
18.7 + 3.5 
-1.82 
0.1204
25.5 + 1.0 
22.0 + 2.0 
-1.48 
0.1432
35 /ooS 
lloniozygntes
llete rozygntes
t
F
28.4 + 1.1
29.4 + 1.8 
0.48
0.6327
29.1 + 1.2 
27.9 + 1.5 
-0.57 
0.5700
28.7 + 1.1 
28.6 + 2.0 
- 0.02 
0.9856
28.9 + 1.1 
27.7 + 2.1 
-0.46 
0.6480
28.6 + 1.1 
28.9 + 1.9 
0.18 
0.8576
28.4 + 1.0 
29.2 +2.2 
0.32 
0.7510
O'
CO
Table XIV. Mean (+ standard error) weight specific Bcope for growth (cal ■ day 1 divided by Wb) of homozygotes and 
heterozygotes at each locos nnd at each salinity.
Salinity
7.5°/ooS
llomozygotes
Ueterozygotes
t
P
20°/ooS
llomozygotes
Ueterozygotes
t
P
35°/ooS
llomozygotes
Ueterozygotes
t
P
LAP
94.8 + 13.0
160.7 + 21.3 
2.80 
0.0062
345.9 + 17.9
338.1 + 37.2 
- 0 .2 1  
0.8345
385.0 + 16.0
400.0 + 28.0 
0.48
0.6312
PGM
109.0 +
146.4 +
1.43
0.1548
334.8 + 19.0
377.2 + 31.0
1.06
0.2917
384.9 + 15.8
397.1 + 26,8 
0.42
0.6748
Locus
G6PDH
107.7 + 13.6
164.5 + 21.0
1.99
0.0501
321.6 + 17.2
408.8 + 37.6
2.38
0.0193
391.7 + 14.6
376,4 + 40.1
-0.41
0.6815
EBt
109.3 + 13.8
154.0 + 21.4
1.61
0.1114
349.3 + 19.2
325.0 + 31.0 
-0.62
0.5389
395.5 + 15.8
357.5 + 25.3 
-1.03
0.3051
PhePro
104.5 + 13.0
148.3 + 16.4
2.09
0.0391
347.6 + 16.8
288.8 + 71.4
- 0.88
0.4553
382.0 + 15.6
403.1 + 27.3 
0.72
0.4750
LeuPro
113.3 + 15.1
134.8 + 16.2 
0.97
0.3352
332.8 + 18.8
390.6 + 30.3
1.62 
0.1145
375.4 + 15.4
420.4 + 28.1 
1.51
0 . 1 3 4 1
00
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